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9 ABSTRACT: Lacustrine localities were attractive environments for Palaeolithic hominins, since they
10  provide a large and broad spectrum of resources. Moreover, they are excellent archives that allow
11  for high-resolution environmental, chronological and archaeological analyses. However, these
12 deposits are often subject to complex formation and post-depositional factors, including water-

13 related processes. Evaluating the influence of hydrological processes in site formation is thus

14  essential to more accurately reconstruct the duration, intensity and types of hominin behaviour

15 within these environments. In this paper we present the orientation analysis of archaeological

16  material from the Last Interglacial site Neumark-Nord 2, Germany. Orientation analysis was done
17  using GIS to calculate the orientation of artefact from digital plans of the excavation surface, which
18  were subsequently tested using circular statistics. The results of the orientation analysis are

19  compared with a hydrological model to check the relation between preferred orientations and

20  reconstructed areas of water flow and accumulation. Results suggest that low-energy hydrological
21 processes could have affected certain areas of the find-bearing deposits at Neumark-Nord 2 but,
22 overall, there is no evidence for either high-energy hydrological processes or a significant movement
23 of parts of the archaeological assemblage.

24 KEYWORDS: Middle Palaeolithic; Lacustrine sites; GIS; hydrology; Orientation analysis; site
25 formation.

26
27 1. INTRODUCTION

28  The Eemian site of Neumark-Nord 2 (Germany) is key to understanding Neanderthal adaptations to
29 interglacials. Forested environments, typical of warm periods, have been seen traditionally as too
30 challenging to sustain a significant hominin presence (Gamble 1987, 1986). However, the discovery
31  of asignificant number of archaeological sites from the European plain, dating to the Last

32 Interglacial, questioned this view, providing evidence for hominin occupation at these latitudes

33  during temperate periods (Gaudzinski-Windheuser et al. 2014; Gaudzinski-Windheuser and

34 Roebroeks 2011; Roebroeks et al. 1992). On the European plain, many of these sites are associated
35  with lakes formed in postglacial basins. Lakes have usually been regarded as attractive locations for
36 human settlement, thanks to the wide variety of resources they offer (Nicholas 1998, 2006; Cunnane
37 and Stewart 2010; Dinnin and Van de Noort 1999). Moreover, lacustrine localities often preserve
38 and provide high-resolution archives to study past hominin behaviour. The exceptional preservation
39 commonly associated with these deposits allows detailed environmental, chronological and

40 archaeological analyses (Gaudzinski-Windheuser and Kindler 2012; Van de Noort 2008).

41 However, open-air lacustrine sites are subject to complex formation processes, usually related to
42 hydrological processes. The lake margins, and any archaeological material deposited there, can be
1
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subject to fluvial processes, such as overland flow, channel flow and wave action (Behrensmeyer
1982; Hanson 1980). Investigating site formation at and around lakeland sites is essential to more
accurately reconstruct the duration and intensity of hominin activities there, and thus provide a
better understanding of their adaptations within these contexts.

At Neumark-Nord 2, sedimentary and micro-morphological analyses indicate that overland flow was
responsible for the basin infill (Micher 2014; Pop et al. in press). During excavation, the presence of
small channels at the site was identified (Hesse and Kindler 2014). These shallow channels or gullies
were also identified in a hydrological model of the paleosurface of the main find horizon
(Klinkenberg 2010). The influence of these processes may result in specific distributions, such as
concentration of remains at specific locations, winnowing, size-sorting of materials and sediments or
preferred orientations (Hanson 1980; Behrensmeyer 1990; Petraglia and Potts 1994; Bertran and
Texier 1999). Experiments have shown that post-depositional movement due to hydrological
processes might result in a patterning of the orientation of artefatcs (Bertran and Lenoble 2002,
Dominguez-Rodrigo et al. 2014; Petraglia and Nash 1987). Therefore, the presence of preferential
orientation within a site might be indicative of the effect of hydrological processes, such as overland
flow or channel flow —among other post-depositional processes- on the distribution of an
archaeological assemblage. In order to approach Neanderthal spatial behaviour at Neumark-Nord 2,
the possible influence of water-related processes in the formation and post-depositional history of
the deposit must be addressed.

In this paper, we evaluate the possible influence of overland flow, channel flow and wave action on
the formation and post-depositional history of the main find horizon at Neumark-Nord 2, level
NN2/2B through orientation analysis. The orientation of archaeological material was calculated using
a Geographic Information System (GIS) and analysed using circular statistics to identify the presence
of linear patterns and preferred orientations, which might be the result of hydrological processes.
Artefact orientation was compared with a hydrological model showing the main areas or water flow
within the site, to evaluate whether orientation patterns could be associated with hydrological
processes.

2. MATERIALS: THE ARCHAEOLOGICAL SITE OF NEUMARK-NORD 2

The archaeological locality of Neumark-Nord is located on the North German Plain, in the federal
state of Saxony-Anhalt (51° 19’ 28” N, 11° 53’ 56" E) (Fig. 1). Here, a series of basins containing
archaeological sites were exposed by mining activity (Mania and Meller 2010), and two of them,
Neumark-Nord 1 (NN1) and Neumark-Nord 2 (NN2), both dating to the Last Interglacial, were
excavated and systematically analysed (Gaudzinski-Windheuser and Roebroeks 2014; Gaudzinski-
Windheuser et al. 2014; Jurkenas et al. 2006). These basin structures were formed as a result of
isostatic movements caused by lignite diapirism, and were subsequently infilled by Pleistocene
sediments. Extensive mining activity in the 1980s revealed the basin structure of Neumark-Nord 1
(NN1) that was extensively excavated by D. Mania from 1985 to 1996 (Mania and Meller 2010). In
that year, the new basin of Neumark-Nord 2 (NN2) was discovered, located a few hundred metres to
the northeast of NN1 (Gaudzinski-Windheuser et al. 2014). Excavations took place from 2003 to
2008, the last two years in collaboration with the Landesamt fiir Denkmalpflege und Archédologie
Sachsen-Anhalt (Germany), the MONREPOS Archaeological Research Centre and Museum for Human
Behavioural Evolution of the R6misch-Germanisches Zentralmuseum Mainz (Germany) and the
Faculty of Archaeology, Leiden University (The Netherlands).
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Figure 1. Location of the Neumark-Nord 2 basin within the context of modern Geiseltal lake.

The NN2 basin is formed within a Saalian sandy-gravel diamicton, and its infill is covered by ca. 6 m
of Last Glacial (Weichselian) loess (Sier et al. 2011; Strahl et al. 2010). Palynological, malacological
and micromorphological analyses suggest that within this basin a rather small pond of shallow water
formed, with changing water table level with a tendency for drying up in certain seasons or over
short periods (Bakels 2014; Kuijper 2014; Miicher 2014; Pop et al., 2015). Palynological analyses
show a vegetational sequence typical of the Eemian (Bakels 2012, 2014), while paleo-magnetism
analysis successfully identified and correlated the Blake event to NN2’s palynological sequence (Sier
and Deckers 2014; Sier et al. 2011). Other proxies including small mammals (Heinrich 2014) and
sediment residues (Kuijper 2014) also provide evidence of temperate conditions. Stable isotopes on
herbivore bulk-bone collagen indicate the existence of a biodiverse flora with evidence for
vegetation patching around Neumark-Nord 2 (Britton et al. 2012; Britton et al. 2014). A series of TL
dates conducted on heated flints provided a weighted average age of 126+6 ka BP, which is
consistent with an Eemian chronology (Richter and Krbetschek 2014).

The archaeological deposits consists of a series of find horizons, of which Horizon 2 (NN2/2) yielded
the largest archaeological assemblage. In this horizon, around ca. 20000 lithics and ca. 120000
faunal remains were recovered in a sequence of calcareous silt loams (Hesse and Kindler 2014). Find
horizon NN2/2 developed mainly at the northern margin and slope of the basin. In its northern-most
part, find level NN2/2 was ca. 0.2 m thick, but it became more complex and thicker towards the
centre of the basin, where it reached a thickness of around 1 m of partially laminated substrata. Due
to this increasing complexity, the level NN2/2 was subdivided in three sub-layers (A, B and C), with
further subdivisions within level 2/2B (Supplementary Material Figure 1) (Hesse and Kindler 2014;
Jurkenas et al. 2006).
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Level NN2/2B was the richest archaeological horizon, yielding more than 90% of the three-
dimensionally recorded finds with the largest horizontal distribution. Two-thirds of the finds were
recovered from a narrow strip located at a step within the sloping margins, situated in the centre of
the excavation area. At the base of find horizon NN2/2B, archaeological material appeared clustered
within a series of circular concentrations (Hesse and Kindler 2014; Jurkenas et al. 2006).

The analysis of the lithic assemblage shows that onsite knapping activities were focused on the
production of large quantities of flakes (Pop 2014). Cores were worked using discoidal or more ad-
hoc reduction strategies and were intensively exploited until exhaustion. Retouched tools consist of
denticulates, notches and scrapers. It is likely that some flint tools (Pop 2014) were used for
butchering animals, given the high incidence of cutmarks on the faunal material (Kindler et al. 2014).
Among the fauna, cervids, bovids and equids are by far the most represented taxa, with a marginal
presence of other species such as elephant, rhino, and carnivores (Kindler et al. 2014). Carcasses
were intensively exploited by hominins, as shown by the high frequency of cut marks and impact
marks from marrow extraction. Conversely, the incidence of carnivore-marks is extremely low (<1%).
Together, these factors suggest that the faunal assemblage was exclusively accumulated through
Neanderthal subsistence behaviour, which involved the intensive exploitation and butchery of
herbivores around the lake margins at Neumark-Nord 2 using lithic tools produced on locally
available raw materials. The large archaeological assemblages from this level, accurately recorded in
three-dimensions, provide an excellent dataset for the study of artefact orientation to provide a
more in depth perspective on site formation and the role of Neanderthals at Neumark-Nord 2.

3. METHODS
3.1. Orientation analysis

Orientation analysis can be based on a variety of measurements. Most commonly, an artefact
orientation is calculated based on its longer axis azimuthal angle in relation to a reference direction
(usually geographic north), as well as artefact longer axis dip angle compared to an ideal horizontal
plane (Lenoble and Bertran 2004). Therefore, this analysis requires the careful and systematic
documentation of these measurements during excavation. The use of manual methods may imply a
bias on the measure of orientations, due to the natural human inclination to rounding and,
therefore, the application of specific methodologies to record artefact orientation is desirable
(McPherron 2005).

In the case of Neumark-Nord 2, 21217 mammal bones and 9.195 lithics were documented three
dimensionally in the field using a total station. Due to the time-restricted conditions of the NN2
excavation, the systematic recording of artefacts orientation was not always possible. However, in
addition to three-dimensional documentation of artefact, detailed excavation plans (scale 1:10)
indicating the position of artefacts were produced in the field. These plans were later accurately
digitised and georeferenced at the Department of Human Origins, University of Leiden (Fig. 2). In
addition to the plans, pictures of the excavation surface were taken as well. These pictures were
compared with the original and digitised drawings, in order to check their accuracy (Supplementary
Material Figure 2).
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Figure 2. Detailed view of the vectorised plans of NN2/2B excavation surface. The artefact shape was
used to calculate its longest axis indicating its orientation.

These plans make it possible to calculate artefact orientation through their shape (Benito-Calvo and
de la Torre 2011). However, calculating artefacts’ orientation from plans or photographs entails a
series of limitations. Firstly, a plan provides only a two-dimensional perspective and thus excludes
any dip angles, which makes a complete fabric analysis impossible. Secondly, the quality and
accuracy of the data is largely dependent on the precision of these drawings. Furthermore, at NN2
not all squares were drawn in the field, which creates gaps in the excavation surface available for
analysis.

A final limitation is related to the conceptualization of the axis representing artefact orientation. An
artefact’s measured orientation can change significantly depending on the axis considered and on
how it is measured (Dominguez-Rodrigo and Garcia-Pérez 2013). This problem may not be significant
in the case of elongated elements, but can be an issue when dealing with amorphous or square-like
artefacts (Benito-Calvo and de la Torre 2011). This is especially true when applying GIS to orientation
analysis, since different methods can be used to calculate an artefact’s axis from vectorised entities
such as the polygons representing archaeological remains in digitalised plans (de la Torre and Benito-
Calvo 2013).

In the case of Neumark-Nord 2, the determination of the orientation of finds was based on the
calculation of the rectangle representing the smallest width enclosing every element. This rectangle
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was created using the Minimum Bounding Geometry tool of ArcGIS Data Management toolkit,
selecting the option rectangle by width for the type of geometry (Boschian and Sacca 2010; de la
Torre and Benito-Calvo 2013). This tool also allows for the calculation of the geometry
characteristics for each resulting rectangle, including rectangle length, width and orientation
(measured as the azimuthal angle of the longer side of that rectangle). Thus, the rectangle’s length
and width corresponds with the artefact’s maximum length and width, while the rectangle’s
orientation corresponds to the artefact’s longest axis orientation.

Once the minimum bounding rectangles were calculated, those measuring more than 2 cm and with
an elongation ratio (length/width) larger than 1.6 cm were selected. Smaller finds were not
considered, as their size is below “the minimal value for identifying a preferred orientation” (Lenoble
and Bertran 2004: 458). The orientation was then obtained for the remaining artefacts. However,
the sample (n=8873) was too large for orientation analysis, since orientation statistical significance is
inversely related to the number of observations (p-value tends to decrease whereas n increases)
(Bertran and Lenoble 2002). For that reason, it was decided to do the analysis per square metre.
Units with less than 40 artefacts were ignored, since smaller samples are considered
unrepresentative (Bertran and Lenoble 2002). Sixty units qualified, with artefacts counts ranging
from 41 to 313 artefacts. Results of the orientation data for both the entire assemblage and each
unit were plotted as rose diagrams (Davis 2002; McPherron 2004).

Using Oriana 4, the mean vector of artefacts within each square metre was calculated, expressed by
its direction (u, the mean angle of artefacts) and its length (r, which ranges from 0 to 1, where values
close to 1 indicate a clustered orientation around the mean angle). Mean vector also permits the
calculation of some other circular statistics such as concentration (k) or circular variance and
standard deviation. In order to evaluate the significance the mean orientation, a Rayleigh test was
conducted for each unit. Rayleigh’s Uniformity Test calculates the probability that the observed
distribution follows a uniform —linear- pattern (Davis 2002). If this probability is smaller than the
chosen significance level (p-value < 0.05 in our case), then the alternative hypothesis stating that the
sample follows a linear distribution -preferred orientation- can be accepted with confidence (Benito-
Calvo and de la Torre 2011; Lenoble and Bertran 2004). However, Rayleigh’s test presumes that, if
preferentially oriented, the analysed sample has a single mode, and therefore it will fail in identifying
non-uniform, bi-modal (or multi-modal) orientations (Davis 2002). For that reason, a Kuiper’s test
was also performed (Benito-Calvo and de la Torre 2011; Dominguez-Rodrigo and Garcia-Pérez 2013).

Rayleigh’s and Kuiper’s p-values were given to the corresponding square within the excavation grid.
This produced a vector layer for each test, where each polygon corresponded to a 1x1 square metre,
and illustrating in which areas of the excavated surface artefacts showed a significant preferred
orientation. Considering the corresponding mean vector and rose diagram for each unit, it was also
possible to evaluate which, if any, was the dominant orientation —or orientations- of artefacts across
the site.

3.2. Hydrological model

In order to check if any observed preferential orientations could have been related to water flow at
the site, a hydrological model reconstructing the main areas of water flow was created (Boschian
and Sacca 2010). In previous work, Klinkenberg (2010) modeled water motion and behaviour over a
paleo surface representing the base of find horizon B. It illustrates the possible presence of gullies on
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the subsurface, but it did not evaluate where the areas of water accumulated and, in relation to the
orientation analysis, it did not allow for comparisons between water flow and artefact orientations.

The basis for our hydrological model was the base of find horizon B, defined as the bottom of sub-
find horizons B3 Basis - B3 lower (Unit 8 according to Miicher’s classification)(Hesse and Kindler,
2014). The base of horizon B was horizontally and vertically recorded in stratigraphic profiles as well
as three-dimensional points. This set of points was plotted in ArcGIS, resulting in a 1x1 metres grid.
Using this grid, a Digital Elevation Model (DEM) was created using the Inverse Distance Weighted
(IDW) interpolation method. This method generates a continuous surface, from a given set of points,
in this case those defining the base of horizon B (Hageman and Bennett, 2000). The IDW method was
chosen because it gives a higher weight to nearest points and in consequence, it was considered to
represent more accurately changes along the contact between both units. Furthermore, IDW
assumes that input points are regularly distributed, as was the case in our dataset. A 25 cm DEM was
used to create the hydrological model, since that was considered the most accurate resolution
(Mean Square Error=0.035 m).

Before creating the hydrological model, the DEM was analysed using ArcGIS’s Sink tool, to identify
possible gaps, cells where estimated flow could be directed to any adjacent cell. In order to avoid
these gaps, a depressionless DEM was created using the tool Fill, which equalise those sinks with the
adjacent cells and creates a paleo-surface without discontinuities along the drainage network.

The resulting DEM was then used to calculate water Flow Direction, which produces a raster layer
showing the direction of water flow, based on the direction of steepest descent from each cell.
Finally, the latter was used to evaluate Flow Accumulation, an estimation of where water would
accumulate along the study area, based on from how many adjacent cells water would flow into
each cell in the model. It is nevertheless important to keep in mind that the resulting hydrological
model is based on the bottom of horizon B as documented during excavation, which may differ from
its original configuration due to post-depositional processes (Hesse and Kindler 2014), such as
uplifting.

4. RESULTS
4.1. Orientation analysis

For the entire NN2/2B find horizon, orientation was calculated for 8313 finds equal or larger than 2
cm and with an elongation index of 1.6 cm or higher. Mean orientation was 144.76° indicating a
mean NW-SE orientation (of a maximum value of 180° for a N-S vector), with a standard deviation of
72.3°, suggesting a high variability in the sample, as observed in the rose diagram (Fig. 3). According
to the rose diagram, north-south orientations are dominant, followed by west-east ones, which may
indicate the presence of preferential orientations for part of the assemblage.

Regarding the orientation analysis of the 1x1 units, despite some containing a high number of
artefacts, some of the units with the larger frequency of artefacts show high, non-significant p-
values on the Rayleigh’s test, while units with few elements show p-values lower than 0.001
(Supplementary material Table 1). Linear correlation analysis shows that there is no significant
dependence between p-value and the number of elements in each unit (r = -0.149, p = 0.084). This
suggests that orientation analysis results were not dependent on the number of artefacts in each
unit.
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Figure 3. Rose diagram showing the orientation of Neumark-Nord 2/2B archaeological assemblage.
Note the high variability of artefact orientation.

Rayleigh’s test shows that 23 out of 59 (39%) studied units show preferred orientation and a linear
pattern of the artefacts inside them (Supplementary material Table 1). The mean vector of these 23
units is 108.16°, although a high standard deviation of 61.05° indicates the great variability in
orientation. North-south mean vectors are dominant within units where finds show significant linear
orientations, appearing in 14 of them (60.87%). The great variability of mean vectors prevents any
interpretation from these values, and therefore the orientation of artefacts within each unit must be
analysed.

When considering the location of the 23 units with more than 40 elements showing preferred linear
orientation, three main areas can be distinguished (Fig. 4 and Supplementary material Figure 3). Two
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of these areas (a and b) are located in the northern part of the site, separated from each other by a
disturbance caused by mining activity at the site. 10 out of 13 (76.92%) of the squares analysed from
these northern areas show a linear orientation.

The third area is located in the central part of the site (Fig. 4, c), where the highest concentration of
archaeological material was documented. Compared to the northern part of the site (areas a and b),
the number of units where a significant orientation was identified by the Rayleigh’s test is much
lower, since in less than a third of this area artefacts reflect a linear pattern.

Considering the mean orientation of artefacts in units showing preferential orientation (Fig. 4), three
main directions can be observed. The most common vectors are oriented broadly north-south, while
in some squares artefacts’ mean orientation follows a west-east axis. This pattern, together with the
presence of axial distributions observed in the rose diagrams of several 1x1 units, where —at least-
two preferential orientations can be observed (Fig 5), may indicate the existence of bi- or
multimodal distributions. In that case, the Rayleigh’s test might fail in identifying preferential
orientations. For that reason, a Kuiper’s test was performed for each square.

The Kuiper’s test for uniform distributions identifies more units where artefacts show preferential
orientations than those identified by the Rayleigh’s test. In this case, artefacts from 39 units (66%)
show non-uniform orientations (Fig. 6 and Supplementary Material Figure 4). This difference is due
to the presence of units where artefacts follow two —or more- preferential orientations (Fig. 7).
Despite the difference in the number of units showing preferential observations, the resulting
pattern is similar in both cases. When analysing the distribution of units with non-uniform
orientations, the three areas defined based on the Rayleigh’s tests become more evident. Therefore,
both Rayleigh’s and Kuiper’s tests identified three main areas where finds follow preferential
orientations. However, the existence of units with more than one preferential orientation probably
indicates that different hydrological processes might have affected the assemblage, resulting in
different orientation patterns (uniform, linear and bi- or multimodal).
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Figure 4. Orientation analysis for 1x1 units with more than 40 artefacts with the three areas
mentioned in the text indicated. Red squares indicate units where artefacts show linear orientation
according to Rayleigh’s test, while a, b and c indicate the areas where these squares concentrate.
Arrows in these units indicate the mean vectors. Insert: Kernel density analysis showing the main
accumulation area in the centre of the site.
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4.2. Hydrological model

The flow accumulation model predicts two small parallel shallow channels flowing from north to
south (Fig. 8); a third one can be seen flowing from west to southeast. These three main shallow
channels follow the general slope of the site, flowing from the northern (higher) part of the site to
the centre of the basin in the south. This model is consistent with Klinkenberg’s (2010), who also
recognized the presence of two “gullies” running from north to south at the same location as these
channels.

Comparing the hydrological model with the orientation analysis (Fig. 8), a certain relationship
between channels and squares where linear orientation was measured by the Rayleigh’s test can be
inferred. This correspondence is clearer on the eastern side of the central area (area a in Fig. 8),
where units showing linear orientations overlap with the main estimated channel, although it can
also be noticed in some other regions such as the small westernmost channel in the northern area
(b). A Student’s t correlation test indicates a statistically significant relation (t = -2.658; p-value =
0.01) between the fact that units have linear distributions or not and the water accumulation value
predicted by the hydrological model. This pattern is clearer when considering the results of the
Kuiper’s test, since the overlap between units with non-uniform orientations and areas of main
water flow is higher (Supplementary Material Figure 5). Considering the orientation of mean vectors,
in most of those squares mean vectors follow the same direction than the expected water flow,
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Figure 8. Hydrological model showing shallow “channels” at the base of NN2 find horizon 2B,
compared to orientation of finds within units as calculated from a Rayleigh’s test. Arrows indicate
the mean orientation vector, while a, b and c indicate areas with concentration of preferential
orientations.

5. DISCUSSION AND CONCLUSIONS

Orientation analysis of NN2/2B shows that in some areas of the site there is significant evidence for
preferential orientation of the archaeological assemblage, meaning that in those units most of the
artefacts share similar orientations. The presence of preferential orientations in several squares in
NN2/2B may indicate some influence of hydrological processes in the formation of the site (Schiffer
1987; Petraglia and Nash 1987; Petraglia and Potts 1994), as has been proposed in previous works
(Klinkenberg 2010; Hesse and Kindler 2014). However, the nature and extent of that influence could
have been diverse. The presence of both linear orientations and multimodal (in some cases axial)
distributions at NN2/2B, suggest that different processes were affecting the assemblage.

Two different kind of hydrological processes can be differentiated, according to their potential
influence over archaeological deposits (Schick 1986; Behrensmeyer 1990). High-energy processes,
which can disturb and rework a site, usually relate to major streams or “catastrophic” events where
water flows in a large volume and/or with high speed. Low-energy processes can be defined as
processes where a limited volume of water flows slowly, developing low kinetic energy. Their
influence on the archaeological materials is limited. Moderate rainfall, overland flow, small
watercourses or deposition of artefacts in shallow waters are typical examples of low-energy
hydrological processes. For simplification purposes, in this work we will refer to “channels”, defined
here as narrow and shallow sloping depressions, formed by a limited amount of low-energy flowing
water.

In the case of NN2/2B, hydrological processes seem to have affected specific areas of the deposits,
as units with preferential orientations tend to concentrate in particular areas. The effect of
hydrological processes might have been higher in the northern part, where most of squares show a
preferential, usually linear, orientation. In contrast, in the central area there is a number of squares
with uniformly orientated artefacts, suggesting that this area was not affected by high-energy
processes. However, several squares in this area show multimodal orientations, and many of the
finds here follow west-east, transversal-to-the-slope orientations (Fig. 9), which suggest that this
area was effected somehow by post-depositional processes.

The hydrological model of water flow allows inferring some relationship between the predicted
areas of water flow and areas where artefacts show preferred orientations, since many of the units
showing preferred orientation overlap with areas of water flow (Fig. 8 and Supplementary Material
Figure 5). In some units, the mean orientation vectors do not follow the same direction as the water
flow predicted by the hydrological model, and in some cases mean vector —or one of the preferred
orientations in units with bimodal distributions- is perpendicular to the water flow. This pattern
suggests that hydrological processes may have affected to a certain degree the archaeozoological
assemblage, mainly in specific areas of the site.

Different lines of evidence, such as sedimentology, taphonomy, and the preservation and the spatial
distribution of the assemblage, suggest that high-energy formation and post-depositional processes
did not affect the deposit. Sedimentological and micromorphological analyses indicate that find level
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was exposed to net deposition, suggesting a rapid, near continuous infill of the basin mainly by
overland flow (Miicher 2014; Pop et al., 2015). The sedimentary context of the find horizons - silt
loams- and the presence of laminated layers (Hesse and Kindler 2014) indicate low-energy
deposition. Limited uplifting and/or subsidence could also have taken part in the post-depositional
history of the deposit. These processes can result in transport or reorientation of finds, due to
changes in the slope or aspect at some places, but their effect on the assemblage would have been
minimal.
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Figure 9. Detailed view of the distribution of finds within the main concentration area at the bottom
of find horizon B (sub-horizon B3). The red outline indicates the main accumulation of archaeological
finds. Notice that North-South orientations are defined by two different azimuths (0-22.5° and
157.6-180°).

The faunal material across the NN2 site and within the NN2/2B horizon illustrates a relative
uniformity in terms of preservation state and taphonomic modification (Kindler et al. 2014). Whilst
there is some evidence for heavily weathered material, most bone remains suggest rapid
incorporation and burial within the loam deposits at NN2. Detailed taphonomic analyses have not
identified any evidence for hydrological modification in terms of the rounding of edges or specimens
(Stopp 1997). Similarly, lithics are generally not eroded and in a relatively “fresh” condition,
suggesting no or limited transport (Pop 2014). Very limited evidence of carnivore activity has been
detected —less than 1% of the faunal assemblage show damage produced by carnivore. This indicates
that carnivores played a minor role in the formation of the deposit (Kindler et al. 2014). Most of the
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refits identified up to date are within short distances, which suggests that bone fragments suffered
little transport (Kindler et al. 2014 and Supplementary Material Figure 6).

Finally, size sorting in artefact distribution is also considered an indicator of transport by water flow
(Behrensmeyer 1990). Slow water flow can move small fragments more easily than larger ones, and
therefore the lack of small fragments in archaeological assemblages could be due to hydrological
processes (Petraglia and Potts 1994; Schick 1986), amongst others (preservation, recovery strategies,
etc.). Preliminary analyses of the spatial distribution of bone fragments indicate that smaller
fragments are well represented in the northern, upslope area (Supplementary Material Figure 7).
This pattern is consistent with the distribution of lithics (Pop et al., 2015). Small fragments tend to
concentrate in the main accumulation area, where the fragmentation of the faunal material is
higher, probably due to intense human activity. The lack of winnowing and the presence of small
elements alongside large ones, including heavy manuports, all over the site does exclude differential
transport (Kindler et al. 2014; Pop 2014; Pop et al., 2015).

Taken together, these multi-faceted analyses suggest that high-energy processes can be excluded in
the accumulation and post-depositional history of the NN2 site (see Dominguez-Rodrigo et al. 2014).
However, the presence of preferred orientations in some areas of Neumark-Nord 2/2B, and the
identification of different patterns of preferential orientation —uniform, linear and multimodal-
suggests that different low-energy processes played some role in the reorientation of the deposit.

Evaluating the nature of these processes is difficult, especially in dynamic contexts such as lake
margins. Moreover, the faunal assemblage at NN2/2B is highly fragmented due to human
processing, which hinders the comparison with most of experimental observations, especially in the
case of specific bone specimens (Dominguez-Rodrigo et al. 2014). Linear orientations usually relates
to strong currents (Behrensmeyer 1990; Petraglia and Potts 1994). However, as stated before, there
is no evidence for high-energy hydrological processes necessary to produce a significant movement
of the assemblage (Walker and Trauth 2013; Dominguez-Rodrigo et al. 2014). Experiments show that
low-energy water flow can create linear distributions at in-situ sites, without a significant transport
of artefacts (Cobo-Sanchez et al. 2014; Dominguez-Rodrigo et al. 2014). This might be the case at
NN2/2B, where artefacts from some particular areas were re-oriented, without any significant, long-
distance transport of the archaeological materials. Our hydrological model supports previous
evidence (Klinkenberg 2010; Hesse and Kindler 2014; Pop et al., 2015) that some shallow channels
could have ran from north to south. These channels or gullies could have been responsible for the
re-orientation of the artefacts. Other processes, such as trampling, can also result in linear
orientations, usually parallel to the walking direction (Benito-Calvo et al. 2011). However, it seems
unlikely that movements within an open environment such as a lake margin were regular enough to
create such pattern.

In some areas of the excavated surface, as in the southern part of the main concentration area, finds
show bimodal patterns. In many of these units, one of the preferred orientations is perpendicular to
the estimated direction of water flow. Perpendicular-to-the-slope orientations can be linked to
shallow waters and low energy hydrological processes (Behrensmeyer 1990; Walter and Trauth
2013). Elongated artefacts rolling downslope -due to either gravity or hydrodynamics- can result in
perpendicular orientations, as can be wave action in shallow waters, such as lakeshores.

In a dynamic context like a lakeshore, a combination of different low-energy processes —overland
flow, channel flow, wave action, and artefact rolling downslope- seems the most reliable
interpretation for the preferential orientations observed within the assemblage. The lack of
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evidence for high-energy processes and a significant transport of the material points to low-energy
hydrodynamic processes as the main erosional and post-depositional processes influencing the
deposit. These processes would have resulted in an in-situ reorientation of part of the archaeological
assemblage, while mass transport or a major reworking of the assemblage can be excluded.

The intense processing of the carcasses by hominins (cut and impact marks, burnt bones, long bones
showing fresh spiral fractures) (Kindler et al. 2014), the large number of lithics recovered at the site
covering different stages of the chaine operatoire (Pop 2014), and the very limited access for
carnivores to the carcasses (Kindler et al. 2014) suggest that Neanderthals were the main (if not the
only) agent of accumulation in Neumark-Nord 2. Our results indicate that high-energy hydrodynamic
processes did not play a role in the formation of the deposit, and therefore the original distribution
was not modified substantially. The limited influence of hydrological processes on the NN2/2B
archaeological deposit permits more extensive analyses regarding Neanderthal spatial behaviour. In
this sense, the site of Neumark-Nord 2 provides a solid basis for the consistent analysis of
Neanderthal behaviour and adaptations to temperate, lacustrine environments.
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Figure 1: Stratigraphical sequence of Neumark-Nord 2, with indication of pollen zones (PAZ) and

archaeological find horizons.
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Figure 2: Picture of the excavation surface (left) and the corresponding hand drawing (right) of
Neumark-Nord 2, level B3, square 2099. The comparison between both images allows estimating the
accuracy of the drawings. In terms of orientation, the finds drawn by hand follow the same
orientation as seen in the picture. Hand drawings were the base for the digitised drawings used to
calculate the orientation of finds.
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Figure 3: Orientation analysis for Neumark-Nord 2/2B. Rose diagrams indicate the main direction of
artefacts. Red outline indicate squares where artefacts show a significant lineal orientation
according to a Rayleigh’s test, while green outline indicate random orientations. Squares without
outline yielded less than 40 elements drawn, and where not considered in the statistical analyses.
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Figure 4: Orientation analysis for Neumark-Nord 2/2B. Rose diagrams indicate the main direction of
artefacts. Red outline indicate squares where artefacts show a significant non-uniform orientation
according to a Kuiper’s test, while green outline indicate random orientations. Squares without
outline yielded less than 40 elements drawn, and where not considered in the statistical analyses.
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Figure 5: Hydrological model showing shallow “channels” at the base of NN2 find horizon 2B,
compared to orientation of faunal material. Red squares indicate units where bones follow a non-
uniform orientation, according to a Kuiper’s test.
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Figure 6: Spatial analysis showing the refitting and conjoining bones at Neumark-Nord 2/2B. Most of
the refits are shorter than 25 cm, suggesting that the finds suffered little transport. Longer refits
appear in the southern part of the site, towards the centre of the basin, were hydrodynamic
processes were probably more active.
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Figure 7: Preliminary analysis of the spatial distribution (frequency by square metre) of faunal
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where frequency of small fragments is larger.
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Table 1: Results of the circular statistical test. Square ID indicates the 1x1 m units within the
excavation grid. Squares shaded in grey contained less than 40 elements and were not considered in
the analysis. Rayleigh’s test p-value in red indicate squares where finds show a preferential
orientation.
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221/311
221/310
220/315
220/314
220/313
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220/311
220/310
219/317
219/316
219/315
219/314
219/312
219/313
219/311
219/310
218/317
218/316
218/315

173
2
25
35
73
92
70
109
26
28
36
70
56
87
5
10
9
5
33
13
2
11
2

22
18

16
23
21
37
31
13

19
33
13
80
42
33
36
28
33

Mean Vector (W)

178.83
24.25
100.255
26.306
30.922
174.186
159.228
144.813
51.248
54.72
140.907
96.051
82.127
148.119
23.1
32.298
80.96
135.319
89.987
133.877
147.5
66.243
150.5
146.691
23.6
126.275
74.858
17.443
171.06
170.357
57.625
174.817
15.971
78.256
177.33
163.871
139.34
123.072
92.619
145.448
31.252
122.712
37.461
145.182

Orientation
Length of Mean Vector (r)

0.202
0.663
0.326
0.056
0.295
0.219
0.284
0.226
0.152
0.153
0.399
0.244
0.374
0.033
0.763
0.129
0.328
0.714
0.068
0.491
0.423
0.383
0.996
0.291
1
0.17
0.188
0.409
0.173
0.307
0.296
0.262
0.357
0.349
0.655
0.231
0.591
0.329
0.265
0.363
0.192
0.088
0.211
0.225
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